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Abstract 
One of the major roles undertaken by a project manager is the management of the risk of a project. However, this duty is 
particularly complex and inefficient if good risk management has not been done from the beginning of the project. An effective 
and efficient risk management approach requires a proper and systematic methodology and, more importantly, knowledge and 
experience. Previous research results in Chile have shown that both, owners and contractors do not systematically apply risk 
management practices, resulting in negative consequences for projects’ performance. This paper addresses the problems of risk 
management in construction projects using a knowledge-based approach, and proposes a methodology based on a three-fold 
arrangement that includes the modeling of the risk management function, its evaluation, and the availability of a best practices 
model. This approach is part of a* research effort that is underway. A major preliminary conclusion of this research is the fact 
that risk management in construction projects is still very ineffective and that the main cause of this situation is the lack of 
knowledge. It is expected that the application of the proposed approach will allow clients and contractors to develop a project’s 
risk management function based on best practices, and also to improve the performance of this function. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the IPMA. 
Keywords: Risk; management; knowledge; best practices; evaluation 
* Corresponding author. Tel.: +0-000-000-0000 ; fax: +0-000-000-0000 . 
E-mail address: aserpell@ing.puc.cl
Available online at www.sciencedirect.com
© 2014 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license. 
Selection and peer-review under responsibility of the IPMA.
654   Alfredo Federico Serpella et al. /  Procedia - Social and Behavioral Sciences  119 ( 2014 )  653 – 662 
1. Introduction 
Literature shows that risk management in construction projects is full of deficiencies that affect its effectiveness 
as a project management function and in the end, projects’ performance. For many years, risk management in 
construction projects has been approached using a reductionist approach that produces poor results and limits the 
quality of project management. For example, most of the times risk is handled through the application of 
contingencies (money) or floats (time) that are not determined based on a comprehensive analysis of the risks that 
can affect a particular project, and that in many cases are clearly insufficient to cover the consequences of risks that 
do occur during the project realization. Then, in most of the cases projects end with costs overrun and late. 
To make an effective and efficient risk management it is necessary to have a proper and systematic methodology 
and, more importantly, knowledge and experience of various types. For example, it requires knowledge of the 
unforeseen events that may occur during the execution of a project, on the actions that work well or not when one 
of these events happens, on ways to assess a risk or estimate the likelihood that it will occur, and so on. 
The absence of an effective project risk management function has several negative consequences for participants 
in a project due to lack of preventive action against the risks and uncertainty that any project presents. For example, 
the lack of prevention against the risk of scope definition of a project, or environmental hazards or communication 
risks, between others, leads to delays, significant increases in costs and contractual disputes, among others. 
Preliminary recent research results in Chile have shown that companies that hire construction services on a 
recurring basis do not systematically apply risk management practices in projects, which has resulted in negative 
consequences for the performance of projects (Wolbers, 2011; Howard and Serpell, 2012). Additionally, a research 
work by Palma (2007) on claims and contract disputes in a number of construction projects, had reflected the 
occurrence of a number of risks that were not well analyzed or integrated by either parties, customers or 
contractors, and that were one of the main causes of some of those claims and disputes. 
A major research statement that arises here then is that risk management in construction projects in Chile is done 
in a very limited and ineffective way and that the main cause of this situation is the lack of knowledge for its 
realization and the loss of the knowledge generated during the performance of each project that would be useful for 
new projects. That is, the research statement is that knowledge is a key factor in realizing and improving risk 
management in construction projects, both from the standpoint of the client and of the contractor. 
For this reason, this proposal aims to address the problems of risk management in construction projects from a 
knowledge-based approach and through a system perspective. Thus, a research effort whose ultimate purpose is to 
develop a risk management system based on knowledge, to support risk management in construction projects for 
companies and organizations in our country is underway. The idea is to provide a methodology based on best 
practices, an assessment tool of risk management based on this methodology, the ability to propose improvements 
for risk management based on the detection of gaps during evaluation, and the availability of a knowledge base that 
supports the risk management and has the ability to acquire knowledge from experiences obtained in the 
implementation of construction projects. 
The results of this research will allow a client or contractor first, to develop a risk management function based 
on best practices, and second to improve the performance of this function along the realization of new projects. The 
novelty of this approach lies in that it addresses the risk management function from a knowledge-based perspective 
which does not exist in most of the organizations and companies; in the best practices model that it will be 
developed and used as a benchmark for evaluation and improvement, and finally in that it will provide an 
instrument for evaluating current risk management functions applying a maturity model that will be fitted to the 
conditions of projects performed by Chilean organizations and companies. 
It is expected that the risk management system prototype developed during this research effort will be the base 
for the development of effective and efficient risk management systems in organizations and companies that adopt 
this approach. At the same time, the knowledge obtained and structured during this research will help companies 
that already have a formalized risk management function, to evaluate and improve it by using as guidance the 
model of risk management based on best practices that was previously mentioned. 
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The following sections present a discussion of the literature on the main issues associated with the approach of 
this research, particularly risk management, maturity models and knowledge management. Next, the research effort 
and its goal is described and finally, the main preliminary results are presented and discussed. 
2. Background 
2.1. Risk management 
There is uncertainty in everyday life, in organizations and projects (Olsson, 2007), representing a clear threat to 
the business, but also in itself is a significant opportunity that must be taken (Hillson, 2011). There is a connection 
between uncertainty and risk as Hillson (2004) indicates: “The risk is the uncertainty measured, and uncertainty is 
a risk that cannot be measured”. 
Risk is a multifaceted concept (Wang et al, 2004), which is defined as the probability of a damaging event 
occurring in the project, affecting its objectives (Yu, 2002; Baloi and Price, 2003) however not always associated 
with negative results. Risk may also represent opportunities, but the fact that most of the risk usually has negative 
results has led individuals to only consider the negative side of risk (Baloi and Price, 2003; Hillson 2011). 
Today, risk management is an integral part of project management (Olsson, 2007; del Caño and de la Cruz, 
2002), where one of the most difficult activities is determining what are the project’s risks and how should they be 
prioritized (Anderson, 2009). This is a key process and most of project managers know that risk management is 
essential for good project management (Baloi and Price, 2003; Perera and Holsomback, 2005; Alali and Pinto, 
2009).  
Risk management is defined as the process of identifying and assessing risk, and to apply methods to reduce it 
to an acceptable extent (Tohidi, 2011). Then, the main purpose of project’s risk management is to identify, 
evaluate, and control the risk for project success (Lee et al, 2009). Overall, risk management process includes the 
following main steps: (1) Risk planning; (2) Risk identification; (3) Risk assessment (qualitative and quantitative); 
(4) Risk analysis; (5) Risk response; (6) Risk monitoring, and (7) Recording the risk management process (ISO 
31.000, 2009; Baloi and Price, 2003). 
In the last four decades the risk management research has grown considerably in the construction industry 
(Forbes et al, 2008) given that construction projects are exposed to risk at the time of their coming into existence 
(Schieg, 2006) and are perceived to have more inherent risk due to the involvement of many contracting parties 
such as owners, contractors and designers, among others (El-Sayegh, 2008). It is possible to analyze the project 
risk from two different perspectives. On one side we have the project owner, a key stakeholder and decision maker 
in construction projects (Bryde and Volm, 2009), and on the other side we have contractors. Contractors have 
traditionally used high mark-ups to cover for risk but as their margins have become smaller this approach is no 
longer effective (Baloi and Price, 2003). These two groups have dissimilar behaviors facing project risk and 
different possibilities to transfer them to the party that is in the best position to deal with it (Kartam and Kartam, 
2001). 
The systems used for project risk management have their focus on quantitative risk analysis, but these 
techniques do not allow that risks, problems, remedial measures and lessons learned from previous projects be 
captured and reused when developing new projects (Tah and Carr, 2001). Forbes et al (2008) indicate that over 
time and across countries, the construction industry tends to use only a limited number of risk management 
techniques even though not all techniques are appropriate for every situation. For example, Lyons and Skitmore 
(2004) found that brainstorming is the most common risk identification techniques used in the Queensland 
engineering construction industry, and that the qualitative methods of risk assessment are used most frequently, 
ahead of quantitative and semi-qualitative methods. Acknowledging this situation, Forbes et al (2008) developed a 
matrix for selecting appropriate risk management techniques in the built environment for each stage of risk 
management. These techniques include artificial intelligence, decomposition, probabilistic analysis, sensitivity 
analysis, and decision trees, among others.  
The deficiencies already mentioned have an impact in project performance. In construction projects, risk could 
severely constrain the primary objectives: time, cost, scope, and quality; it could mean additional cost and hence a 
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lower return on investment to the client; and a loss of revenue for the contractor, among others (Visser and Joubert, 
2008). Despite this, communication of construction project risk is poor, incomplete, and inconsistent throughout 
the construction supply chain (Tah and Carr, 2001). Also, project participants do not have a shared understanding 
of the project risk and consequently are unable to implement effective early warning measures and mitigating 
strategies to adequately deal with problems resulting from decisions taken elsewhere in the chain (Tah and Carr, 
2001).  
Schieg (2006) indicates that risk management successfully installed in the project provides an information basis 
for the quantitative data but for this it is necessary that a high quality of information is always available in order to 
make determinations based on usable and comprehensive information. Also, Perera et al. (2009) specified that in 
the risk management process, especially in the risk identification, the contractual parties should adopt a continuous 
learning approach because these past projects are real life scenarios from which to gain experience that might place 
the parties in a good state in the future so that the probable risk that might be encountered in a new project can be 
identified beforehand. Then, the management of the information and knowledge of a construction project is an 
essential part of a successful project risk management initiative. Therefore, a knowledge management approach 
could be an interesting and useful framework to improve the deficiencies of the risk management process. 
Then, given the impact of an inadequate project risk management in the final project performance, it is 
important to know how is the development of the risk management process in construction companies, to identify 
its weaknesses and to propose actions to reduce them. One of the tools to do this is a risk maturity model. 
2.2. Maturity models 
Maturity models provided a systematic framework to carry out a comparative evaluation (Demira and Kocabas, 
2010), strategically leading the organization to continuous improvement, requiring a deep understanding of the 
current position of an organization and the one that it aspires to be in the future (Brookes and Clark, 2009). A 
maturity model is of evolutionary nature, that is, consist of a number of stages in which the complexity level is 
increased from one to another in the searching for perfection (Serna, 2012). In particular, a risk maturity model is a 
tool designed to assess the risk management capability of an organization (Hopkinson, 2011). In the area of project 
management maturity models research indicates that organizations that improve their project management 
maturity, experience cost savings, increased schedule predictability, and improved quality (Korbel and Benedict, 
2007). 
There are several known risk management maturity models that have been proposed over the years (Yeo and 
Ren, 2009). One of them is the model proposed by Hillson (1997). In his research, the author outlines the maturity 
model as a way for organizations to implement a formal approach to risk management or as a reference to compare 
current practices held by the company. The model consists of four maturity levels (Naive, Novice, Normalized, and 
Natural) that are measured in terms of four attributes: culture, process, experience and application (Yeo and Ren, 
2009). In 1999, HVR Consulting Services developed the Project Risk Maturity Model (RMM), derived directly 
from the structure developed by Hillson (Hopkinson, 2011). In 2002 a group of researchers, including David 
Hillson, complemented the points made in previous research, formulating the Risk Management Maturity Model 
(RMMM). The contributions do not changed the structure of the model (four levels of evaluation: Ad Hoc, Initial, 
Repeatable and Managed), and only expanded the initial definitions of each level and completed the characteristics 
of the attributes to be evaluated (culture, experience, application and process). In 2004, Yeo and Ren proposed a 
model with five evaluation levels: initial, repeatable, defined, managed and optimized (Yeo and Ren, 2004). The 
authors actualized this model five years later, keeping the same structure of the model with five levels but with 
differences in the attributes considered by the model (Yeo and Ren, 2009). In 2006, Heijden modified the model 
proposed in 2002 by Hillson and others researchers, without changing the structure of four levels of evaluation, but 
adding a fifth attribute, "structure", which focuses in the way risk management is applied within the organization 
and how they organize their processes and responsibilities (Heijden, 2006). All this models are tools that allow an 
organization to implement formal risk processes, to identify their priorities for process improvement, to determine 
whether or not its risk processes are adequate for the organization, and to produce action plans for developing or 
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enhancing their risk management process maturity level (Hillson, 1997; Risk Management Research and 
Development Program Collaboration, 2002; Hopkinson, 2011). 
2.3. Knowledge Management 
According to Marshall and Prusak (1996), studies of failures of risk management suggest three underlying 
causes: dysfunctional culture, unmanaged organizational knowledge, and ineffective controls. These authors 
indicate that a central element for these failures is the way in which the knowledge of the organization is managed, 
indicating that risk management is frequently not a problem of lack of information, but rather a lack of knowledge 
with which to interpret its meaning. Then, in the context of risk management the knowledge management process 
plays an important role as a potential enabler of working skills and to improve de capacity of teams to enhance the 
way as they share knowledge and the tools that they use (Rodríguez and Edwards, 2009). 
Knowledge  is information possessed in the mind of  individuals related to facts, procedures, concepts, 
interpretations, ideas, observations and judgment (Alavi and Leidner, 2001), being “a fluid mix of data, experience, 
practice, values, beliefs, standards, context, and expert insight that provides a conceptual arrangement for 
evaluating and incorporating new data, information and experiences” (Davenport and Pruzak, 2001). Nonaka and 
Takeuchi (1999) also indicated that knowledge is strongly linked to people’s beliefs and commitments, essentially 
related to human action in a way that adds value to the enterprise (Paiva et al., 2007; Vail, 1999).  Information 
becomes individual knowledge when it is accepted and retained by an individual as being a proper understanding 
of what is true and a valid interpretation of the reality (Wu et al, 2004). Then this knowledge becomes information 
again once it is articulated and presented in the form of text, graphics, words, or other symbolic forms (Alavi and 
Leidner, 2001).   
There are a variety of approaches to define what knowledge management is. Hsu and Shen (2005) describes 
knowledge management as a systematic and organized approach to improve the organization’s ability to mobilize 
knowledge to enhance decision making, take actions and deliver results in support of the underlying business 
strategy. Also, we could say that it is the way that organizations create, capture and utilize knowledge to achieve 
organizational objectives (Sommerville and Craig, 2006), which recognizes the fact that knowledge is a valuable 
asset that must be managed to provide strategies for organizations to retain knowledge and improve their 
performance (Al-Ghassani et al, 2006). Then, the purpose of knowledge management in organizations is “to ensure 
growth and continuity of performance by protecting critical knowledge at all levels, applying existing knowledge 
in all pertinent circumstances, combining knowledge in synergistic ways, acquiring relevant knowledge 
continuously, and developing new knowledge through continuous learning that builds on internal experiences and 
external knowledge” (Bourdreau and Couillard, 1999).   
The construction industry is a knowledge-based industry (Egbu et al. 2004; Carrillo et al., 2004) because the 
execution of construction activities requires specialized expert knowledge and problem-solving know-how 
(Anumba et al., 2005). Given this, the implementation of knowledge management is particularly interesting for the 
construction sector (Carrillo and Chinowsky, 2006), because this approach could help the industry to innovate and 
improve performance (Kamara et al. 2002) (Egbu et al, 2004). 
Most of the knowledge of a construction company is obtained through their projects. In each of these projects 
situations that generate new knowledge take place, a reason why it is desirable that the lessons learned from them 
could be captured to be used again (Maqsood, 2006). The knowledge generated within each project is usually 
stored on reports that few people read, or is lost because parties involved are moved to a new project, resign or 
retire (Kivrak et al 2008; Anumba et al., 2005), taking with them not only tacit knowledge, but also a potential 
source of competitive advantage. This is problematic because it is only with the benefit of hindsight that it is really 
possible to reflect on the true consequences of an action within a project (Anumba et al., 2005). Thus, because of 
the lack of methods for storing, distributing and sharing the information and knowledge generated by each project 
team, a vital resource is lost, which becomes a major factor that affects a company’s business performance (Wu et 
al. 2004). This ultimately affects decision-making, where good decisions are the result of careful management and 
the analysis of project information and knowledge (Sommerville and Craig, 2006). Therefore, the implementation 
of knowledge management is particularly interesting for the construction sector (Carrillo and Chinowsky, 2006), 
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because this approach could help the industry to innovate, improve performance (Kamara et al. 2002) (Egbu et al, 
2004), and to better handle their particular characteristics. 
3. The research problem 
The questions that are addressed by this research are: 1) What are the best international practices currently 
applied in risk management on construction projects and how they compare with the Chilean current practices?, 2. 
How can risk management practices in organizations and companies involved in construction projects be 
assessed?, 3. What knowledge is needed for an effective and efficient management of risk in construction 
projects?, and 4. How can needed risk management knowledge be obtained, organized and made available in a 
systematic and useful way? 
The research methodology includes literature reviews both general and specific for construction projects that 
will help in structuring a framework of risk management as a benchmark to assess the situation in an organization 
that performs construction projects as displayed in figure 1. Also, an assessment model and tool for risk 
management is being developed from literature review. Both, the model and the tool will be validated by two 
panels of experts on risk management and be applied initially in two companies, an owner and a contractor for 
calibrations purposes.  
Figure 1 Approach for the assessment of the risk management function of an organization and comparison with the risk management 
benchmark. 
Also, the application of the tool is used to propose a set of best practices to fill out the major gaps found in the 
risk management function of each company as shown in figure 2.  
Figure 2 Diagram to allocate the best practices according to identified gaps. 
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Best practices will also be validated by experts’ panels. At the end, a prototype of a risk management support 
system will be developed and applied to companies to test it. This prototype would permit: (1) the storage of 
historical information, (2) to be a guide to develop the project risk management function in owner and contractor 
companies, according to the established standard, (3) conducting the assessment and monitoring of the maturity of 
the risk management function, (4) to have tutorials and being able to educate about risk management depending on 
the hierarchical level and responsibility of employees, (5) to have a storage and retrieval system using case-based 
reasoning, (6) to establish the administrative structure for the system and the necessary feedback, and (7) to 
develop supporting and operation procedures for the prototype. 
4. Preliminary results 
Up to this point of the research, a first preliminary maturity model has been defined. This model is based on two 
main elements: 1) evaluation factors that include a set of dimensions for each of them as shown in figure 3, and 2) 
levels of evaluation for each factor and its dimensions as shown in table 1. 
Figure 3 Key evaluation factors and their dimensions (Howard, 2013) 
Evaluation levels were developed from information found in the literature. Both, the maturity model and the 
evaluation levels will be tested by means of pilot studies that will be carried out in one owner and one contractor 
companies. The idea is to apply a questionnaire based on the factors and dimensions that are important to measure, 
to a group of professionals that work in the area of risk management in each organization.  
The final idea is to create a web-based prototype that can be accessed by companies through Internet. In this 
way, the management of companies will be able to answer the questionnaire and to find out the level of maturity of 
their organizations. Also, records of previous evaluations will be provided so that the management will be able to 
compare current performance with historical performance, supporting in this way the implementation of 
improvement practices. As shown in figure 2, knowledge and experience will be organized in a way that 
improvement or best practices will be related to the type of gaps detected during the evaluation of the risk 
management function of the company. It is expected that this knowledge base will be fed later with new lessons 
and experiences from new projects.  
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5. Conclusions 
This paper has presented a brief description of a research effort which is underway at this moment and has the 
purpose of creating a knowledge-based approach to risk management in construction projects. The motivation of 
this research is the very limited application of risk management in Chilean construction projects as has been 
reported by previous research work and the urgent need to improve this function in both, owners and contractors. 
The results expected from this research will help owners and contractors to have a more systematic and formal 
approach to risk management and to make use of their own knowledge and experience as well as international best 
practices.   
Table 1 Main characteristics of each level regarding risk management (RM). A preliminary definition  
Level 1 Level 2 Level 3 Level 4 Level 5 
The organization is not 
conscious about the need 
of risk management and 
lacks a structured 
approach to face risk and 
uncertainty. Usually the 
organization is weak even 
in project management 
basic themes. Success in 
this kind of organizations 
depends on individuals 
characteristics and not on 
those of the organizations 
The organization reacts 
after problems occur. No 
proactive action 
No attempt to identify 
project risk is realised 
with the purpose of 
developing mitigation 
plans 
Scarce or not attempt to 
learn from previous 
projects or to utilize 
lessons learned to prepare 
for uncertainty 
Although the organization 
is conscious to some 
degree about the potential 
benefits of RM, this is not 
implemented effectively in 
every project 
The organization knows 
that can learn from errors 
of the past, but this 
knowledge is not 
formalised and capabilities 
for application are limited. 
There is not a way to share 
lessons learned derived 
from projects of the 
organization 
There are basic processes 
and system for risk 
management, however 
there is not an structured 
or formal procedure. 
The organization applies 
GR normally through a 
small number of persons 
designed within specific 
projects or assigning 
partial resources for its 
realization 
The organization has 
developed and 
implemented a formal 
RM system 
Projects use previous 
experiences, especially 
for risk identification 
for each new project. 
Successes of previous 
projects can be 
repeated 
In general, the benefits 
of RM are understood 
in the upper levels of 
the organization 
Projects employ 
personnel with the 
required RM skills 
who have adequate 
resources available to 
develop this process.  
The probability, 
impact and severity of 
risk events are 
measured qualitatively 
Benefits of RM 
are understood in 
every level of the 
organization 
There exists a 
standard process 
for RM which can 
be adequate for a 
particular project. 
There is a 
proactive 
approach for RM 
The activities of 
RM are extensive 
to the main 
project’s 
stakeholders, both 
internal and 
external 
Diverse strategies  
are implemented 
and documented 
as well as the 
results of RM. 
These are 
analyzed latter.  
The organization is able to 
adapt itself, empower 
teams and organize 
according to the protocols 
of the company to reduce 
system risks and face 
emerging risks 
Continuous improvement 
and innovation of GR is 
carried out in a regular 
basis, enhanced with new 
technologies 
The organization has 
established an integral RM 
plan with defined goals and 
the use of both, qualitative 
and quantitative 
measurements 
Team members are 
attentive to risk and 
opportunities with a 
proactive approach and 
with an environment that 
enhance team work 
There exist integration and 
collaboration between 
social, institutional, and 
other networks of 
stakeholders 
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